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Molecular Biology SelectThe diversity and function of small RNAs continue to both amaze and puzzle biologists. This Molecular Biology
Select highlights recent advances in our efforts to understand the biological functions of two kinds of small RNAs,
microRNAs (miRNAs) and piwi-associated RNAs (piRNAs). Two new studies identify miRNAs in the unicellular
green alga Chlamydomonas reinhardtii, posing new questions about the roles of these small RNAs in unicellular
organisms. Meanwhile, another pair of studies probes the mechanism by which miRNAs repress expression of
their mRNA targets. Finally, new work uncovers a function for piRNAs in mammals, reconciling results from pre-
vious studies in the fly.
Even Green Algae Have Them
MicroRNAs (miRNAs) are a class of small (22 nucleotide) regulatory RNAs
that guide posttranscriptional gene regulation and are involved in the control
of fundamental cellular processes in animals and plants. In multicellular
organisms, miRNAs are involved in the regulation of patterning and timing
during development and in cellular differentiation. Meanwhile, the unicellular
fission yeast has only one class of small RNAs, which are involved in gene
silencing at the transcriptional level and the initiation of heterochromatin
assembly. The supposition has been that small RNA pathways in unicellular
organisms are less complex than those inmulticellular organisms, raising the
question of whether miRNAs exist only in multicellular systems. This key
question is now addressed in two independent studies by Zhao et al.
(2007) and Molnar et al. (2007), who analyze in detail the small RNA popula-
tion of the unicellular green alga Chlamydomonas reinhardtii (see Figure 1).
Using small RNA cloning and parallel (454) sequencing technology, the two
groups discover an unexpectedly complex variety of small RNAs in this
humble alga. Some of these are reminiscent of the miRNAs of multicellular
organisms as well as the phased transacting siRNAs (tasiRNAs) of plants.
Strikingly, Chlamydomonas miRNAs do not seem to have sequence homology to any known miRNAs in animals or
plants, suggesting that miRNA genes may have evolved independently in the lineages leading to animals, plants,
and green algae. However, Chlamydomonas miRNAs do exhibit many similar characteristics to miRNAs: they are
products of the enzymeDicer and they can cleave target mRNAswith a specificity suggestive of a Slicer mechanism.
Indeed,Molnar andcolleaguesalso show thatChlamydomonasmiRNAshaveamodified30 nucleotide (first described
in themodel plantArabidopsis) that is associatedwith the augmentationofmiRNAstability. These findings indicate con-
servation of basic RNA interference (RNAi) mechanisms and effector pathways in Chlamydomonas and higher plants.
What then are the biological functions of miRNAs in this unicellular alga? Under normal conditions, Chlamydomo-
nas exists as a haploid cell that divides asexually, whereas under conditions of stress, haploid cells of opposite mat-
ing types conjugate, forming diploid zygotes and eventually a spore that remains vegetative until conditions become
favorable again. Both studies reveal differences in miRNA expression during gametogenesis, suggesting a role for
miRNAs inChlamydomonas sexual reproduction. Future studies should address whether miRNAs are involved in the
response of Chlamydomonas to environmental changes and metabolic stress. Molnar and colleagues show differ-
ences in miRNA expression as well as tasiRNA expression in Chlamydomonas grown under light versus dark
conditions, indicating that some of these regulatory small RNAs are induced in response to light. The discovery of
a complex system of small RNAs in Chlamydomonas challenges the notion that miRNAs evolved in conjunction
with multicellularity. The new findings provide an excellent opportunity to study the roles of these diverse molecules
in a well-established unicellular model system.
T. Zhao et al. (2007). Genes Dev. 21, 1190–1203.
A. Molnar et al. (2007). Nature. 10.1038/nature05903.
The Ins and Outs of miRNA Repression
Despite the ever-expanding repertoire of functions for miRNAs,
the way in which they repress their mRNA targets and downre-
gulate gene expression remains a matter of debate. In some
cases, miRNA repression results in the deadenylation and
degradation of their mRNA targets. There are also examples of
miRNA-mediated repression at the level of translation initiation,
as well as studies showing that miRNAs may inhibit the elonga-
tion step of translation without any change in the amount of
target mRNA. Complicating matters further, miRNA repression
of some target mRNAs combines both mRNA degradation and translational inhibition. Now, Thimmaiah et al.
(2007) and Thermann and Hentze (2007) provide new insights into mechanisms of miRNA-mediated repression of
gene expression, though they do not present a unified view.
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Model of how the fly miRNA miR2 represses a target
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Using a biochemical purification approach in human cell lines, Thimmaiah et al. identify a complex containing pro-
teins characteristic of the mammalian RNA-induced silencing complex (RISC)—namely Argonaute2, Dicer, and
TRBP2. However, they also identify several unexpected components of human RISC, including the helicase
MOV10, the 60S ribosomal subunit, and the eukaryotic translation initiation factor eIF6, a 60S ribosome-associated
factor that prevents the assembly of the translationally competent 80S ribosome. The identification of eIF6 as a
RISC-interacting protein immediately suggests a potential role for this protein in miRNA-mediated repression.
Indeed, the authors show that depletion of eIF6 by RNAi relieves miRNA-mediated repression of reporter constructs
bearing miRNA target sites. Importantly, the authors extend their findings from human cells to the worm. They show
that RNAi against eIF6 results in increased deregulation ofmRNA targets of the lin4miRNAat bothmRNAand protein
levels. Together, these results point to a regulatory mechanism conserved from worms to humans in which RISC
recruitment of eIF6 results in miRNA-mediated repression by disrupting the formation of the 80S ribosome.
Meanwhile, work by Thermann andHentze (2007) in the fly presents a somewhat different picture. The authors first
established a cell-free system in fly embryo lysates that recapitulates repression by the miRNA miR2 of a target
(reaper) mRNA. They demonstrate that miR2-mediated repression results in the formation of dense ‘‘pseudopoly-
somes,’’ mRNA-protein particles that seem to run slower than 80S ribosomes in polysome gradients. Reaper
mRNA is enriched in these pseudopolysomes (which cannot carry out translation), and enrichment depends on
miR2. Translational repression of reaper mRNA by miR2 requires the presence of a methyl guanosine (m7GpppG)
cap on the target mRNA, because reaper mRNA carrying an ApppG cap (which cannot mediate cap-dependent
translational initiation) is resistant to miR2-mediated repression. These results provide biochemical evidence that
miR2 represses its mRNA target by blocking translation initiation (see Figure 2).
Further studies will be needed to address the role of eIF6 in the in vitro miRNA-mediated repression system of
Thermann and Hentze, and to elucidate why the target mRNA needs the cap structure to undergo miRNA-mediated
repression. It is possible that miRNA-mediated repression could be affected by a variety of mechanisms, which may
depend onmultiple factors such as themiRNA in question, themRNA target, and the physiological state of the cell in
which the repression occurs.
P. Thimmaiah et al. (2007). Nature. 10.1038/nature05841.
R. Thermann and M.W. Hentze (2007). Nature. 10.1038/nature05878.
Transposon Control: Mouse piRNAs Get in on the Act
The discovery of piRNAs—small RNAs that interact with Piwi
proteins—in the germline of organisms ranging from fly to mam-
mals immediately suggested that these small RNAs have an
important and conserved biological role. In both flies and mam-
mals, Piwi proteins are important for germline development, and
in the mouse, piRNAs have been implicated in spermatogene-
sis. Recently, fly piRNAs were shown to restrict the activity of
transposons in a process involving the three fly Piwi proteins.
In contrast, mouse piRNAs do not seem to be enriched in repeat
sequences that map to transposable elements, suggesting that
they may not be involved in transposon control. Now, Aravin et
al. (2007) present evidence that reconciles some of these differ-
ing results.
These investigators asked whether the mouse Piwi protein
Mili is associated with distinct piRNA populations at different
stages of germ-cell development (see Figure 3). Deep sequenc-
ing analysis of Mili-associated piRNAs inmouse spermatocytes reveals striking differences between the piRNA pop-
ulations at the prepachytene and pachytene stages of meiosis. Both piRNA populations are 26–28 nucleotides in
length, prefer a uridine at the 50 end, and are generated from only one genomic strand. However, unlike pachytene
piRNAs, many prepachytene piRNAs mapped to repeat elements in the genome, some of which are known retro-
transposons. The authors then showed that prepachytene mouse piRNAs mapping to retroelements participate
in an amplification cycle similar to that found for fly piRNAs. This observation suggests a conserved pathway through
which developmentally controlled piRNA clusters repress transposons in mammals.
These exciting findings raise more questions than they answer. What is the biological function of the pachytene
piRNAs of mammals? Is there a complex, akin to the Argonaute-containing RISC, that mediates gene silencing by
mammalian piRNAs? Given that prepachytene and pachytene piRNAs seem to have different roles (even though
they both bind to Mili), do different Piwi complexes form at discrete developmental stages? Finally, mice lacking Mili
exhibit increasedexpressionof retroelements that correlateswithdemethylationofL1 transposons in testes from these
mice. Thus, in a new twist, Piwi proteinsmay participate in anRNA-dependentDNAmethylation pathway inmammals.
A.A. Aravin et al. (2007). Science. 316, 744–747.
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Mili expression in mouse testis at day 10 of embryonic
development (left) and in the adult (right) is shown
using a transgene in which GFP has been fused in-
frame with the Mili coding region. Photo courtesy of
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